Purpose: The purpose of this study was to determine the facial movement characteristics of patients who underwent orthognathic surgery. The specific aims were to determine the presurgery versus postsurgery differences in facial movements; to determine whether the presurgery facial movements were similar among patients with different dentofacial deformities; and to determine whether patients have a more similar post-than presurgery dentofacial morphology and soft tissue movement. The hypothesis was that there are differences between the pre-and postsurgery facial movements. Patients and Methods: The sample consisted of 19 patients (11 women, 8 men) with a mean age of 20.6 years (SD Ϯ 8.34). Facial movement and lateral cephalometric data were collected at presurgery, and at 6 and 12 months postsurgery. Measures of the facial skeletal differences were made from lateral cephalometric radiographs and facial movements were recorded by a video-based tracking system. Descriptive and inferential statistics were performed on principal component scores generated from the movement data. A linear mixed-effects model was used to test for significant differences in movement. Results: Differences were found between the presurgery and 12-month postsurgery visits for the instructed smile, lip purse, eye closure, grimace, and mouth opening movements as well as the natural smile. Also, there were significant differences at presurgery among the dentofacial groups for the lip purse movement but no differences were found at postsurgery for any of the movements. Conclusion: These findings suggest that facial movements are effected by skeletal malocclusion and orthognathic surgical procedures. J Oral Maxillofac Surg 62:1380-1386 , 2004 Facial appearance and our expressive behaviors have a major impact on how we are perceived and how others in society perceive us. For an individual with a facial functional impairment and/or disfigurement, however, these interactions and associated perceptions may be very different. Functional impairments may be caused by facial nerve paralysis, dentofacial deformities, and/or congenital abnormalities; many individuals with these problems will opt to have reconstructive or orthognathic surgery to correct their functional deficits and/or skeletal discrepancies. To aid in the diagnosis, treatment planning, and outcome assessment for these individuals, it is important that objective and quantitative methods are available to measure the severity of impairment.
Facial appearance and our expressive behaviors have a major impact on how we are perceived and how others in society perceive us. For an individual with a facial functional impairment and/or disfigurement, however, these interactions and associated perceptions may be very different. Functional impairments may be caused by facial nerve paralysis, dentofacial deformities, and/or congenital abnormalities; many individuals with these problems will opt to have reconstructive or orthognathic surgery to correct their functional deficits and/or skeletal discrepancies. To aid in the diagnosis, treatment planning, and outcome assessment for these individuals, it is important that objective and quantitative methods are available to measure the severity of impairment.
Early methods to evaluate facial impairments were based on 2-dimensional (2D) measures; however, because of a lack of information in all planes of space and a resultant over-simplification of the findings, 3-dimensional (3D) measures are now preferred. 1 Currently, 3D measures generated from video-based tracking techniques are regarded as the most valid approach to record and evaluate facial movements. [2] [3] [4] [5] [6] [7] [8] [9] [10] For the correction of facial disfigurements caused by dentofacial deformities, the standard procedure is orthognathic surgery. This type of surgery is reasonably predictable and results in a harmonization of facial skeletal structures. [11] [12] [13] Much less is known, however, about the pre-and postsurgery facial soft tissue function in orthognathic surgery patients, and whether impairments in movement exist in association with the skeletal deformity. Previous research has suggested that patients with severe skeletal deformities have impairments in movement outside the range of that seen in unaffected individuals. 9 If functional impairments exist presurgically in orthognathic surgery patients, and should these impairments persist postsurgically, there may be an increased susceptibility to postsurgical hard-tissue relapse in these patients because of a lack of soft tissue adaptability.
Therefore, the purpose of this study was to analyze the facial movements of patients who undergo orthognathic surgery to correct different dentofacial deformities. The specific aims were as follows: 1) to determine the presurgery versus postsurgery differences in facial movements; 2) to determine whether specific presurgical facial movements were similar among particular types of facial morphology or dentofacial deformity; and 3) to determine whether patients had a more similar postsurgical than presurgical facial morphology and soft tissue movement. The hypothesis to be tested was that there are differences in the presurgical and postsurgical facial movement characteristics.
Patients and Methods
The study sample consisted of 19 patients who were slated to have orthognathic surgery for the correction of various dentofacial deformities. All patients were recruited from the University of North Carolina School of Dentistry Orthodontic and Oral/Maxillofacial Surgery Clinics (Chapel Hill, NC) and the private office of Dr David E. Frost (Chapel Hill, NC). The inclusion criteria were the presence of a skeletal malocclusion, the need for orthognathic surgery to correct a skeletal malocclusion, and a willingness to participate in the study. The exclusion criteria were a diagnosis of a known craniofacial anomaly, a diagnosis of facial impairment, an inability to comprehend verbal instructions, and the presence of facial hair that would interfere with the identification of certain facial landmarks. Approval for the study was obtained from the Institutional Review Board at the University of North Carolina, School of Dentistry. Before each data collection, informed consent was obtained from each patient. Facial movement and cephalometric data were collected on patients at the following time points: presurgery, 6 months postsurgery, and 12 months postsurgery.
RECORDING CIRCUMORAL MOVEMENTS
A video-based tracking system (Motion Analysis: Motion Analysis Corporation, Santa Rosa, CA) was used to measure the facial movements of each patient as described in the companion article.
14 In this instance, 34 spherical, retro-reflective markers, each with a diameter of 2 mm, were attached by means of eyelash adhesive to specific landmarks on the facial skin of each patient (Fig 1) . Each patient was then positioned within the calibrated measurement field and instructed to make 7 maximum facial animations from rest: instructed (maximum) smile, lip purse, mouth opening, cheek puff, eye opening, eye closure, grimace, and finally, a natural smile animation. For the instructed smile, the patient was asked to "bite on his/her back teeth" and to "smile as much as possible and then relax." Before data collection, all animations were briefly practiced with each patient. Three repetitions of each animation were recorded for each patient. The entire tracking session lasted approximately 20 minutes.
CEPHALOMETRIC EVALUATION
The cephalometric radiographs that most closely corresponded to the times of the facial movement data collection were selected for use in this study. The radiographs were digitized using the University of North Carolina 140-point model. 15 An x-y coordinate axis was established for analysis as follows. The x-axis was represented by a horizontal line through sella rotated downward anteriorly by 6°, and the yaxis was represented by a vertical line through sella and perpendicular to the horizontal reference line. The measures used for the cephalometric analysis 15 are provided in Table 1 .
Based on the presurgical cephalometric data 16 (Table 2) 11 patients were skeletal Class II, 5 patients were skeletal Class II with an anterior open bite, and 3 patients were skeletal Class III. For the skeletal Class II patients, 6 had mandibular retrognathia and/or deficiency; 3 had maxillary protrusion and/or increased unit length; and 2 had a combination of maxillary excess and mandibular deficiency. All 5 of the skeletal Class II open bite patients had a decreased palatal plane angle, and 4 of the 5 had an increased mandibular plane angle. For the skeletal Class III patients, 2 had a combined maxillary deficiency and mandibular excess and 1 had mandibular prognathism.
DATA ANALYSIS
The 34 facial landmarks defined the shape of the face. The intent was to measure the movement of the facial soft tissues independent of the static facial shape, that is, to characterize the facial soft tissue movement or shape changes. The characterization of facial movement was made by measuring the relative or percentage change in distance from rest between pairs of landmarks, and data processing and modeling of the different facial movements proceeded as described in the companion article. 14 
STATISTICS
The means of facial movements were calculated within the different subgroups of skeletal Class II, skeletal Class II open bite, and skeletal Class III. The variation in movement was described with a principal components analysis.
14 A linear mixed model was fit to the scores of the first 3 principal components termed pc1, pc2, and pc3 using the restricted maximum likelihood method. The model had the form
where visit was a 3-level factor (presurgery, 6 months postsurgery, and 12 months postsurgery), skeletal class was a 2-level factor (skeletal Class II and skeletal Class III), and open bite was a 2-level factor (yes/no). Correlation within movements by patients and visits was modeled as a random effect for the patients with a nested random effect for the visit. Additionally, the effects of the skeletal class and open bite factors on movement were tested at the pre-and postsurgery visits. These models had the following fixed effects form with patient as a random effect:
• pc␣(presurgery) ϳ skeletal class ϩ open bite; and • pc␣(postsurgery) ϳ skeletal class ϩ open bite.
Results
The final sample consisted of 11 women and 8 men with an average age of 20.6 years (SD Ϯ 8.34) at the presurgery evaluation, 21.0 years (SD Ϯ 8.14) at the time of surgery, 21.8 years (SD Ϯ 8.31) at the 6-month postsurgery evaluation, and 21.5 years (SD Ϯ 8.15) at the 12-month postsurgery evaluation. Lateral cephalometric radiographs were collected for all patients close to the pre-and postsurgery times (Fig 2) ; however, for some of these times, facial movement data were missing. Specifically, 3 patients were followed to the 6-month postsurgery visit and did not have 12-month data. In addition, 1 patient was not available for the 6-month postsurgery data collection and only had the presurgery and 12-month postsurgery data. Figure 2 provides the means and SD for the times of the pre-and postsurgery data collection relative to the date of surgery for both the facial movement and cephalometric data.
SURGICAL PROCEDURES
Seven of the skeletal Class II patients had a bilateral sagittal-split osteotomy (BSSO) advancement. Four had a double jaw procedure involving a combined Le Fort I osteotomy to correct the transverse dimension and BSSO advancement. In the open bite group, 3 had Le Fort I osteotomies with posterior impaction and 2 had Le Fort I osteotomies for posterior impaction and transverse expansion along with BSSO advancement. In the Class III group, all patients had Le Fort I advancements and BSSO setbacks.
FACIAL MOVEMENT
For all the movements, approximately 40% of the total variation in movement was explained by pc1, and therefore, these results are based on pc1 only; pc2 and pc3 explained only 6% and 7% of the variation in the different movements. Exhibits 1, 2, and 3 show a comparison of the mean presurgery movements of the patients on the mean patient face, superimposed with the mean postsurgery movements of the patients on the mean patient face for each skeletal Class II, skeletal Class II open bite, and skeletal Class III group, respectively. (See Appendix for a description of how to obtain and operate the viewing software to review the exhibits referred to in this article. It is important to view the motion from the side as well as the front.) Exhibit 4 shows the variation in movement over all subjects and is the direction of movement of the first principal component for each movement (eg, smile, lip purse, and so on), and is a comparison of the mean ϩ 2 SD of movement superimposed on the mean patient face with the mean Ϫ 2 SD of movement also superimposed on the mean face. Exhibit 5 is the presurgical comparisons for the 3 groups.
There were significant differences in movement because of the effect of the data collection times that were coded by the factor "visit." Visit was a 3-level factor representing the presurgery, 6-month postsurgery, and 12-month postsurgery testing times. Visit was significant between the presurgery and 12-month postsurgery data collection times only. Those movements that showed significant differences were the instructed smile (P Ͻ .001), lip purse (P Ͻ .05), eye closure (P Ͻ .05), grimace (P Ͻ .05), and mouth opening (P Ͻ .05) movements, as well as the natural smile (P Ͻ .05). At presurgery, there were significant differences in the lip purse movement caused by the effects of both the skeletal factor (P Ͻ .05) and the open bite factor (P Ͻ .05). These differences are summarized below and should be viewed in motion with the viewer software. 
Presurgery to 12-Month Postsurgery Movement Difference (Exhibits 1, 2, and 3)
Instructed smile. The instructed smile showed the most change pre-to postsurgery in all 3 groups. Postsurgery, the Class II group had greater lateral movement of the right and left commissures and nasolabial folds. The lower lip and soft tissue chin had greater downward movement and a more forward projection. For the Class III group, there was greater upward movement of the commisures and the nasolabial folds postsurgery. The soft tissue chin also had greater backward movement postsurgery. The open bite group had more lateral movement of the commissures and nasolabial folds as well as a more forward movement of the soft tissue chin postsurgery. Overall, the postsurgery smile in this group appeared broader than the presurgery smile.
Instructed lip purse. Postsurgery, the Class II group had more lateral movement of the cheek. Also, there was a greater forward projection of cheek, nasolabial folds, lower lip, and soft tissue chin. For the Class III group, there was less upward movement of the upper lip and less medial movement of the cheeks at postsurgery. Also, there was less forward projection of the lower lip, and a greater forward projection of the cheek, commissures, and soft tissue chin.
Instructed mouth opening.
For the Class II group during mouth-opening, there was a greater downward movement of the lower lip and soft tissue chin at postsurgery compared with the movement presurgery. Also, there was a more forward projection of the soft tissue chin. For the Class III and open bite groups, because of the extreme variations in the movements during this animation, differences were not appreciated.
Instructed eye closure. The mean eye closure movement displayed a difference in movement for the Class II group only. In this group, the postsurgery movement of the circumorbital and cheek region points was more forward than the presurgery movement.
Instructed grimace.
For the open bite group, there was a greater upward movement of the nose tip, nasal alar, upper lip, and cheeks at postsurgery. Also, there was a greater forward movement of the lower lip and chin.
Natural smile. The skeletal Class III and Class II open bite groups showed differences in the natural smile. Postsurgery, the Class III group had a greater upward movement of the upper lip and nasolabial region than the presurgery movement. Also, there was less forward movement of the soft tissue chin. In the open bite group there was greater upward and lateral movement of the commissures, nasolabial folds, and cheek regions at postsurgery. Also, there was a more forward projection of the soft tissue chin.
Presurgery Movement Differences Among the Groups (Exhibit 5)
The results showed significant differences among the groups at presurgery during the lip purse movement. Specifically, the skeletal Class III group had a more forward and upward protrusion of the circumoral region with a greater medial movement of the cheeks at presurgery when compared with the other groups.
POSTSURGICAL CEPHALOMETRIC SKELETAL CATEGORIZATION
Because the differences in movement were significant between the presurgery and 12-month postsurgery testing, only the cephalometric results at the 12-month postsurgery differences are presented (Table 3 ). For all 3 groups, the 12-month postsurgical cephalometric measures were more similar than the presurgical measures (Tables 2 and 3 ). SNA and SNB were within 2°(range, 0.1°to 1.7°) of each other and A-NЌ and B-NЌ were within 4 mm (range, 0 to 3.6 mm). Postsurgery, the AFH, LFH, palatal plane angle, and mandibular plane angle had less variability among each other compared with the presurgery measures.
Discussion
This is the first comprehensive study of facial movement characteristics of patients who have had orthognathic surgery. The main finding was that the patients in this study showed differences in facial movement 1 year after orthognathic surgery. The largest group of patients studied was the skeletal Class II patients, and a consistent finding for this group was that the mean postsurgical movements of the lower lip and soft tissue chin tended to have a greater downward and forward movement, even after controlling for the skeletal jaw repositioning. These Class II patients all had BSSO mandibular advancement surgery, and the postsurgical movements that were seen in the lower jaw would be expected with a lengthening of the mandible. These movements represented a combination of both hard and soft tissue alterations. Thus far, Johns et al 12 have been the only other investigators to examine differences in the facial movements of patients caused by orthognathic surgery. Their findings were related to the type of surgery and surgical movements performed and were restricted to the instructed smile movement only. The patients studied by Johns et al 12 had Le Fort I surgical procedures, and those patients who had maxillary advancements and/or downgrafting had an increased movement of the perioral region postsurgery when compared with the presurgery movement. The Class III group in the present study most closely resembled the patients of Johns et al 12 having Le Fort I maxillary advancement surgery. Although the present group of Class III patients was extremely small, the changes in movement seen during the instructed smile appeared to be in agreement with those of Johns et al, 12 namely, a greater upward movement of the commisures and nasolabial folds postsurgery.
Another finding of Johns et al 12 was that patients who had Le Fort I maxillary impactions and/or setbacks had similar or even decreased postsurgical perioral facial movements compared with their presurgical movements. In the present study, the skeletal Class II open bite group (n ϭ 5) corresponded most closely to the patient sample used by Johns et al. 12 In the Class II open bite group, all patients had Le Fort I osteotomies with posterior impaction. Our findings were that following surgery the open bite group had more lateral movement of the commissure and nasolabial folds during the instructed smile movement compared with their presurgery movements. One explanation for the differences in findings may have been that 2 of the patients in the present study also had maxillary expansion and mandibular BSSO advancement surgeries along with the Le Fort I posterior impaction. Another explanation could have been the difference in dimensionality of the data between the 2 studies.
The data collected in the Johns et al study 12 was 2D and previous research has suggested that 2D data can significantly underestimate movement, 1 which may explain the decreased movement reported. It is possible for the movement from both the 2D and 3D data to appear the same, as when a particular movement is expressed in both the frontal and vertical planes (x, y dimension) of space but not the horizontal plane (x, z dimension) of space. In the present study, all movements were in 3D and many more movements were included, perhaps providing a more complete picture of the differences that may be produced by surgery.
The findings of some differences among the groups at presurgery, but no differences at postsurgery, support the conclusion that the cause of the movement differences over time were because of the underlying skeletal support and not because of any intrinsic impairment of the overlying soft tissues. The implications of this are important in terms of function but also in terms of surgical stability because, if there is no intrinsic impairment of the overlying soft tissues, it can be speculated that the soft tissue environment postsurgery is more amenable to the new position of the hard tissues, with less impact on surgical stability. Only the lip purse movement showed significant differences among the groups presurgically. However, a lack of significance also implies that the sample of subjects may not have been large enough to detect a difference.
It is interesting that in the present study no significant differences in movement were found between the presurgery and the 6-month postsurgery visit. It should be expected that residual swelling would still be present at 6 months postsurgery, and this swelling could affect the facial movement. Because the presurgery versus postsurgery differences in facial movement reported by Johns et al 12 were described at 4 months postsurgery, there may have been confounding effects of swelling on the facial movement. Our findings at 12 months postsurgery may be more reliable and valid because by 1 year postsurgery most of the swelling should be resolved, resulting in a true expression of the facial movement characteristics.
One impact of the findings of the present study relates directly to the current health-care climate, in which many patients with dentofacial deformities have been, and are being, denied insurance coverage for orthognathic surgery on the grounds that such surgery is purely cosmetic. There are strongly opposing views of surgery, and dentofacial deformities have been described as "ѧfacial and dental disproportions great enough to significantly affect the individual's quality of life and likely to require both orthognathic surgery and orthodontics for treatment." 17 The difference in the presurgical versus postsurgical movements of dentofacial patients reported in this study may support the quality-of-life aspect of the surgical outcome in terms of facial appearance during expressions. It is important in future studies to compare these posttreatment movements to those of similar patients who have no dentofacial deformities. It may be that the changes in movement and the return to a more "normal" pattern do justify the need for this type of surgery.
It must be emphasized that this study was exploratory in nature. Although there were several important trends suggested by this study, the small sample size and heterogeneity of the sample in terms of the different surgeries limited the significance of the findings; however, even with a total sample of 19 patients, 16 of whom were followed for 12 months, significant differences were detected. In future studies, larger numbers of patients in clearly delineated groups would be required together with a comparison group of unaffected individuals. Another possible limitation was the number of landmarks on the circumoral region of the patients. It may be possible to enhance the sensitivity of the analysis, and thereby, model the face more closely as a surface distortion by increasing the number of facial landmarks. These approaches might uncover more meaningful changes, or even delineate subgroups where the response to surgery might be expected to be different.
